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(57) ABSTRACT 

To provide moisture absorptive and desorptive ultra?ne par 
ticles having high moisture absorptive and moisture desorp 
tive properties and particularly having an excellent moisture 
absorptive rate and also a product using said ultra?ne par 
ticles. Moisture absorptive and desorptive ultra?ne particles, 
characterized in that, the said particles consist of a cross 
linked polymer containing 1.0 to 10.0 meq/ g of a salt-type 
carboxyl group as a polar group Where an average primary 
particle siZe is not more than 0.2 um and saturated moisture 
absorptive ratios at 65% RH and 90% RH at 200 C. are not less 
than 20% by Weight and not less than 40% by Weight, respec 
tively. 

8 Claims, 4 Drawing Sheets 
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MOISTURE ABSORPTIVE AND DESORPTIVE 
ULTRAFINE PARTICLES AND A PRODUCT 
USING SAID ULTRAFINE PARTICLES 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to moisture absorptive and 
desorptive ultra?ne particles having high moisture absorptive 
and moisture desorptive properties and particularly having an 
excellent moisture absorptive rate and also to a product using 
said ultra?ne particles. 

BACKGROUND ART 

As a means for removing the moisture in air, moisture 
absorbers having much moisture absorptive capacity and high 
moisture absorptive rate such as lithium chloride, calcium 
chloride, magnesium chloride and phosphorus pentoxide 
have been used. HoWever, since those moisture absorbers 
have deliquescence, there are disadvantages that they are 
lique?ed after absorption of moisture, pollute others and cor 
rode metal, etc., have a bad shape-holding property being 
hard to make into a molded product, have too strong moisture 
absorptive property being poor in moisture desorptive prop 
er‘ty and are not able to be used repeatedly. 

In the case of moisture absorbers such as silica gel, Zeolite, 
sodium sulfate, active alumina and active carbon, they are 
able to be used repeatedly because they have a moisture 
desorptive property in addition to a moisture absorptive prop 
er‘ty Whereby a part of the aforementioned problems has been 
solved. HoWever, there are disadvantages therein that they 
have little moisture absorptive capacity, require high tem 
perature for regeneration, are crushed and pulveriZed by 
repeated absorption and desorption of moisture and have a big 
speci?c gravity resulting in a dif?culty in mixing With resin. 

Apart from the inorganic ones as such, there are some cases 
Where Water absorptive resins represented by polyacrylate 
type are used as moisture absorbers of an organic type. HoW 
ever, in the case of a Water absorptive resin, although a Water 
absorptive ability for liquid Water is very good, its moisture 
absorptive ability for moisture Which is gas is loW and is 
inferior to the aforementioned inorganic moisture absorbers. 
The speci?c problems are that a retaining property for Water 
is high being dif?cult for moisture desorption, that a moisture 
absorptive ability is high at a nearly saturated relative humid 
ity While a moisture absorptive ability at a relative humidity 
loWer than that is very loW, that tackiness is noted as a result 
of absorption of moisture, that a big change in volume hap 
pens by absorption of moisture or by absorption of Water and 
that, as taken up as a problem at present, moisture absorptive 
rate is very sloW. They Will be due to the folloWing reasons 
that the phenomena of “Water absorption” and “moisture 
absorption” shoW entirely different behavior although the 
object is the same “Water” and that, in the conventional Water 
absorptive resins, their chemical structures are designed for 
an object of absorption of Water Whereby a moisture absorp 
tive property is not fully achieved. Such a difference betWeen 
“Water absorption” and “moisture absorption” Will be illus 
trated later. 

With regard to the aforementioned problems, technique 
Where a target is a phenomenon of “moisture absorption” has 
been proposed in recent years. In Japanese Patent Laid-Open 
No. 05/ 132,858, a highly moisture absorptive and desorptive 
?ber consisting of organic polymer is proposed While, in 
Japanese Patent Laid-Open No. 08/225,610, moisture 
adsorptive and desorptive organic ultra?ne particles are also 
proposed and they give one solution to a problem of highly 
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2 
saturated moisture absorptive property. HoWever, a moisture 
absorptive property Within short time is not improved and a 
sloW moisture absorptive rate has been still pointed out as a 
problem. 

With regard to the moisture absorptive rate, a method 
Where polyacrylate and deliquescent inorganic salt are com 
bined is proposed in the invention of Japanese Patent Laid 
Open No. 05/105,704 for example. There is mentioned that, 
according to said method, a product having an improved 
moisture absorptive ability at loW humidity and having a high 
moisture absorptive ability Without dropping the liquid is 
prepared. HoWever, With regard to the moisture absorptive 
rate, time required for moisture absorption is in an order of 
hours (in Examples, a signi?cant increase in moisture absorp 
tive amount is available during 10 hours) and such a method 
is not satisfactory for the use Where moisture absorptive rate 
is required in an order of minutes or seconds such as in the 
case of a rotary dehumidi?er. 

In order to increase the rate for moisture absorption and 
desorption, it is usually effective for increasing the speci?c 
surface area and, With such an object, a method Where porous 
thing is prepared, particle siZe is made small, etc. has been 
generally used. HoWever, When particle siZe is made small in 
the conventional material having moisture absorptive and 
desorptive property, a method by means of a mechanical 
pulveriZation has been mostly used. In vieW of pulveriZing 
ability or trapping ef?ciency in making into ultra?ne poWder 
hoWever, products Which are able to be prepared in an indus 
trial scale are limited to those having an average primary 
particle siZe in an order of 1 pm. Although there are examples 
of 0.4 pm and 0.3 pm for the primary particle siZe in Japanese 
Patent Laid-Open Nos. 2000/17,101 and 10/237,126, respec 
tively, they are unable tobe taken out in a form of primary 
particles as they are but they are only able to be taken out in 
particles Where they are fused and aggregated Whereby, as a 
result, the surface area of each of them does not effectively 
function. There is another problem that, since only aggregates 
having a particle siZe of several tens um are prepared, it is not 
possible to manufacture thin ?lm, etc. 

Further, it is usual that, When a particle siZe becomes 
smaller, cohesive force among particles due to capillary pres 
sure becomes larger Whereby fusion among particles takes 
place and, as a result, surface of the particle is blocked and 
surface area as an aggregate becomes smaller. For example, 
When an emulsion having a primary particle siZe of not more 
than submicronmeter is applied and dried, a very dense ?lm is 
obtained because of a very small particle siZe. When speci?c 
surface area of the ?lm is measured, it is usually less than 1 
m2/g. Thus, there is a problem that the advantage due to a 
surface area (calculated as not less than 50 m2/ g) based on the 
particle siZe of not more than submicronmeter is blocked by 
fusion and is unable to be achieved Whereby it does not 
contribute in improvement in moisture absorptive rate. 

In Japanese Patent Laid-Open No. 2001/11,320, there is a 
description for a moisture absorptive and desorptive polymer 
having a carboxyl group of a potassium salt type and shoWing 
an excellent moisture absorptive and desorptive rate and, 
although some improvements in the moisture absorptive and 
desorptive rate are noted, its particle siZe is about several pm 
at the smallest and it has no suf?cient ability for high-leveled 
ones Which are demanded in practical use. In Japanese Patent 
Laid-Open No. 2003/231,863, there is also a description 
exemplifying the material Where moisture absorptive and 
desorptive ?ne particles are added to paint but its main con 
stituting material is paint and the moisture absorptive and 
desorptive ?ne particles are added only as an additive. There 
fore, the moisture absorptive and desorptive ?ne particles are 
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covered With the paint whereby their direct contact to mois 
ture or air for their regeneration is disturbed and it is dif?cult 
to achieve a high moisture absorptive and desorptive property. 

DISCLOSURE OF THE INVENTION 

Problems that the Invention is to Solve 

An object of the present invention is to provide moisture 
absorptive and desorptive ultra?ne particles having high 
moisture absorptive and moisture desorptive properties and 
being able to achieve the moisture absorptive and desorptive 
property Within short time or, in other Words, having excellent 
moisture absorptive and desorptive rate and also to provide a 
product using said ultra?ne particles. 

Means for Solving the Problems 

The present inventors have continued intensive studies 
focusing their attention on moisture absorptive and desorp 
tive property, particularly moisture absorptive and desorptive 
rate, of moisture absorptive and desorptive materials. As a 
result, they paid their attention to the fact that particle siZe of 
the moisture absorptive and desorptive materials greatly 
affects the moisture absorptive and desorptive rate and found 
that an organic polymer having excellent moisture absorptive 
and desorptive rate Which has not been available yet is noW 
achieved When the particle siZe is made less than a speci?c 
value and When cross-link Which prevents the fusion by 
aggressive force disturbing the expression of surface func 
tions is introduced Whereupon they have achieved the present 
invention. 

Thus, the aforementioned object of the present invention is 
able to be achieved by moisture absorptive and desorptive 
ultra?ne particles Which are moisture absorptive and desorp 
tive ultra?ne particles consisting of a cross-linked polymer 
containing 1.0 to 10.0 meq/ g of a salt-type carboxyl group and 
0.1 to 2.0 meq/ g of the sulfonic acid group and/or salt-type 
sulfonic acid group as polar groups Where an average primary 
particle siZe is not more than 0.1 um and saturated moisture 
absorptive ratios at 65% RH and 90% RH at 200 C. are not less 
than 20% by Weight and not less than 40% by Weight, respec 
tively. 

Thus, the aforementioned object of the present invention is 
able to be achieved by moisture absorptive and desorptive 
ultra?ne particles Which are moisture absorptive and desorp 
tive ultra?ne particles consisting of a cross-linked polymer 
containing 1.0 to 10.0 meq/ g of a salt-type carboxyl group as 
a polar group Where an average primary particle siZe is not 
more than 0.2 pm and saturated moisture absorptive ratios at 
65% RH and 90% RH at 200 C. are not less than 20% by 
Weight and not less than 40% by Weight, respectively. 

The moisture absorptive and desorptive ultra?ne particles 
as such are used in the ?elds Where moisture absorptive and 
desorptive rate is demanded as a moisture absorptive and 
desorptive sheet Where said particles are ?xed onto a sub 
strate, as a moisture absorptive and desorptive element Where 
said sheet is layered and as a humidifying and dehumidifying 
apparatus Where said element is one of the constituting ele 
ments. 

Advantage of the Invention 

When the moisture absorptive and desorptive ultra?ne par 
ticles of the present invention are used and also When a prod 
uct Where said ultra?ne particles are used is used, a quick 
moisture absorptive and desorptive rate of the present mate 
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4 
rial contributes in devices, instruments and systems Where 
dehumidi?cation is conducted by repeated moisture absorp 
tion and desorption Whereby a dehumidifying property is able 
to be improved and, as a result, there is achieved an advantage 
that ef?ciency is enhanced or that making the siZe of the 
device small is possible. Moreover, as a result of improve 
ment in the property, those Where much energy has been 
needed for moisture desorption and regeneration up to noW 
are noW able to achieve the same ability as before With less 
energy Whereby it is noW also possible to achieve the effect of 
conservation of energy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a one-side corrugated sheet comprising the mois 
ture absorptive and desorptive sheet of the present invention. 

FIG. 2 is a honeycomb-type moisture absorptive and des 
orptive element comprising the moisture absorptive and des 
orptive sheet of the present invention. 

FIG. 3 is a moisture absorptive and desorptive rotor being 
formed from the corrugated-form moisture absorptive and 
desorptive element comprising the moisture absorptive and 
desorptive sheet of the present invention. 

FIG. 4 is a humidifying/dehumidifying apparatus using the 
moisture absorptive and desorptive rotor comprising the 
absorptive and desorptive sheet of the present invention. 

FIG. 5 is a moisture absorptive and desorptive element 
Where the one-side corrugated sheet comprising the moisture 
absorptive and desorptive sheet of the present invention is 
layered in such a manner that ventilation direction is same. 

FIG. 6 is a moisture absorptive and desorptive element 
Where the one-side corrugated sheet comprising the moisture 
absorptive and desorptive sheet of the present invention is 
layered in such a manner that ventilation direction is different. 

FIG. 7 is a humidifying/dehumidifying apparatus of batch 
change type using the moisture absorptive and desorptive 
element of the present invention being layered in such a 
manner that ventilation direction is same. 

EXPLANATION OF REFERENCE SIGNS IN 
DRAWINGS 

1 moisture absorptive and desorptive sheet 
2 moisture absorptive and desorptive rotor 
3 motor 
4 highly humid gas Which is to be dehumidi?ed 
5 gas after being dehumidi?ed 
6 loWly humid gas Which is to be humidi?ed 
7 gas after being humidi?ed 
8 heat source such as heater 
9 fan 
10 seal dividing into dehumidifying and humidifying 

regions 
11 column Where moisture absorptive and desorptive ele 

ments are ?lled 

12 three-Way valve 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention Will noW be illustrated in detail as 
hereunder. 

Firstly, it is necessary that the moisture absorptive and 
desorptive ultra?ne particles of the present invention contain 
1.0 to 10.0 meq/g ofa salt-type carboxyl group and 0.1 to 2.0 
meq/g of the sulfonic acid group and/or salt-type sulfonic 
acid group and consist of a cross-linked polymer or, in other 
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Words, a polymer having a cross-linking structure. Because of 
the existence of an appropriate cross-linking structure in the 
present invention, advantages of a Wide surface area property 
due to the ultra?ne particles are effectively utilized. Inciden 
tally, the existence of the cross-linking structure is able to be 
con?rmed by solubility in Water. A salt-type carboxyl group is 
a polar group having a high hydrophilicity for achieving a 
moisture absorptive property and, When a high moisture 
absorptive property is aimed, it is preferred to contain said 
group as many as possible. HoWever, in order to make both of 
the moisture absorptive rate and also the moisture absorptive 
amount high, an appropriate balance in terms of a proportion 
to the cross-linking structure is necessary. Thus, to be more 
speci?c, When the amount of the salt-type carboxyl group is 
too much, i.e. When it is more than 10.0 meq/g, there are 
resulted problems that the proportion of the cross-linking 
structure Which is able to be introduced becomes too small 
and that character of the Water absorptive resin becomes 
strong Whereby tackiness is resulted as mentioned already or 
loWering of the moisture absorptive rate occurs. Thus, an 
object of the present invention is unable to be achieved. In 
vieW of the above, the amount of the salt-type carboxyl group 
giving a preferred result for the prevention of sWelling and 
making into ?lm is 9.0 meq/g or less. 
On the other hand, When the amount of the salt-type car 

boxyl group is little, a moisture absorptive ability loWers and, 
especially When it is loWer than 1.0 meq/ g, the resulting 
moisture absorptive property is even inferior to the aforemen 
tioned inorganic type moisture absorbers Whereby the prac 
tical value thereof is lost. When the amount of the salt-type 
carboxyl group is 3 .0 meq/ g or more, the predominance of the 
moisture absorptive property as compared With the currently 
available other moisture absorptive materials is signi?cant 
Whereby there are many cases of giving better result. 

With regard to the type of the salt of the salt-type carboxyl 
group, there is no particular limitation so far as it forms a salt 
structure With a carboxyl group and its examples are alkali 
metal such as Li, Na, K, Rb and Cs, alkali earth metal such as 
Be, Mg, Ca, Sr and Ba, other metal such as Cu, Zn, Al, Mn, 
Ag, Fe, Co and Ni and organic cation such as NH4+ and amine 
compound. Among them, K Which is particularly effective for 
improving the moisture absorptive and desorptive rate is more 
preferred. It is also possible to use tWo or more of the afore 
mentioned salts together. 

There is no particular limitation for a method of introduc 
ing the salt-type carboxyl group and its examples are a 
method Where a monomer having a salt-type carboxyl group 
is subjected to a homopolymerization or to a copolymeriza 
tion With other monomer Which is able to copolymerize 
(method 1), a method Where a polymer having a carboxyl 
group is prepared and then it is changed to a salt type (method 
2), a method Where a monomer having a functional group 
Which is able to be induced to a carboxyl group is polymer 
ized and said functional group in the resulting polymer is 
converted to a carboxyl group by means of a chemical modi 
?cation folloWed by further converting to a salt type (method 
3) and a method Where the aforementioned three methods are 
carried out by means of a graft polymerization. 

Examples of the aforementioned method 1 Where a mono 
mer having a salt-type carboxyl group is polymerized are a 
method Where a salt-type monomer corresponding to a mono 
mer containing carboxyl group such as acrylic acid, meth 
acrylic acid, maleic acid, itaconic acid and vinylpropionic 
acid is polymerized either solely or tWo or more thereof are 
polymerized jointly, a method Where a mixture of them in the 
same species in Which one is a carboxylic acid type and 
another is the corresponding salt type is polymerized and a 
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6 
method Where such a monomer is copolymerized With other 
monomer Which is able to copolymerized thereWith. 
The method 2 in Which a polymer having a carboxyl group 

is prepared and then it is converted into a salt type is, for 
example, a method Where a homopolymer of an acid-type 
monomer containing a carboxyl group, a copolymer consist 
ing of tWo or more thereof or a copolymer With other mono 
mer Which is able to copolymerize is prepared by means of 
polymerization as mentioned before and then it is converted 
to a salt type. There is no particular limitation for conversion 
of a carboxyl group to a salt type and it is possible to convert 
by action of a solution containing an alkali metal ion such as 
Li, Na, K, Rb or Cs, an alkali earth metal ion such as Be, Mg, 
Ca, Sr or Ba, other metal ion such as Cu, Zn, Al, Mn, Ag, Fe, 
Co or Ni or an organic cation such as NH4+ or amine com 
pound to the resulting aforementioned acid-type polymer so 
that an ion exchange or the like is carried out. 

With regard to the method 3 in Which a carboxyl group is 
induced by a chemical modi?cation method, there is a method 
Where a homopolymer of a monomer, a copolymer consisting 
of tWo or more thereof or a copolymer With other monomer 

Which is able to copolymerize containing a functional group 
Which is able to be modi?ed to a carboxyl group by a chemical 
modi?cation treatment is polymerized and the resulting poly 
mer is subjected to hydrolysis so that modi?cation to a car 
boxyl group is carried out. When the resulting one is not a salt 
type, the aforementioned method for making into a salt type is 
applied to the modi?ed carboxyl group. Examples of the 
monomer for Which such a method is able to be applied are a 
monomer having a nitrile group such as acrylonitrile and 
methacrylonitrile; and anhydride, ester derivative, amide 
derivative, ester derivative having a cross-linking property, 
etc. of a monomer having a carboxylic acid group such as 
acrylic acid, methacrylic acid, maleic acid, itaconic acid and 
vinylpropionic acid. 

Examples of the anhydride are maleic anhydride, acrylic 
anhydride, methacrylic anhydride, itaconic anhydride, 
phthalic anhydride, N-phenylmaleimide and N-cyclomale 
imide. 

Examples of the ester derivative are an alkyl ester deriva 
tive such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, 
octyl, lauryl, pentadecyl, cetyl, stearyl, behenyl, 2-ethyl 
hexyl, isodecyl and isoamyl; an alkyl ether ester derivative 
such as methoxyethylene glycol, ethoxyethylene glycol, 
methoxypolyethyleneglycol, ethoxypolyethyleneglycol, 
polyethylene glycol, methoxypropylene glycol, propylene 
glycol, methoxypolypropylene glycol, polypropylene glycol, 
methoxypolytetraethylene glycol, polytetraethylene glycol, 
polyethylene glycol-polypropylene glycol, polyethylene gly 
col-polytetraethylene glycol, polypropylene glycol-polytet 
raethylene glycol and butoxyethyl; an ester derivatives of a 
cyclic compound such as cyclohexyl, tetrahydrofurfuryl, 
benzyl, phenoxyethyl, phenoxypolyethylene glycol, 
isobomyl and neopentyl glycol benzoate; a hydroxyalkyl 
ester derivative such as hydroxyethyl, hydroxypropyl, 
hydroxybutyl, hydroxyphenoxypropyl, hydroxypropy 
lphthaloylethyl and chloro-hydroxypropyl; an aminoalkyl 
ester derivative such as dimethylaminoethyl, diethylaminoet 
hyl and trimethylaminoethyl; an alkyl ester derivative of car 
boxylate such as (meth)acryloyloxyethyl succinate and 
(meth)acryloyloxyethyl hexahydrophthalate; an alkyl ester 
derivative containing phosphoric acid group or phosphate 
group such as (meth)acryloyloxyethyl acid phosphate and 
(meth)acryloyloxyethyl acid phosphate; 

a cross-linking alkyl ester such as ethylene glycol di(meth) 
acrylate, polyethylene glycol di (meth) acrylate, 1,4-butane 
diol di(meth)acrylate, 1,3-butanediol di (meth) acrylate, 1,6 



US 7,468,414 B2 
7 

hexanediol(meth)acrylate, 1,9-nonanediol di(meth)acrylate, 
trimethylolpropane tri(meth)acrylate, pentaerythritol tetra 
(meth)acrylate, dipentaerythritol hexa(meth)acrylate, glyc 
erol dimethacrylate, 2-hydroxy-3-acryloyloxypropyl(meth) 
acrylate, di(meth)acrylate of an adduct of bisphenol A With 
ethylene oxide, di(meth)acrylate of an adduct of bisphenol A 
With propylene oxide, neopentyl glycol di(meth)acrylate, 
1,10-decanediol di(meth)acrylate, dimethyloltricyclodecane 
di(meth)acrylate and ethylene oxide-modi?ed trimethylol 
propane tri(meth)acrylate; and a ?uorinated alkyl ester 
derivative such as tri?uoroethyl, tetra?uoropropyl, hexa?uo 
robutyl and per?uorooctylethyl. 

Examples of the amide derivative are an amide compound 
such as (meth)acrylamide, dimethyl (meth)acrylamide, 
monoethyl (meth)acrylamide, n-butyl (meth)acrylamide and 
tert-butyl (meth)acrylamide; etc. As to another method for 
introduction of a carboxyl group by a chemical modi?cation, 
oxidation of alkene, alkyl halide, alcohol, aldehyde, etc. may 
be listed. 

With regard to introduction of a salt-type carboxyl group 
by hydrolysis reaction of a polymer in the aforementioned 
method 3, there is no particular limitation as Well but a knoWn 
hydrolytic condition may be utilized. For example, there may 
be listed a method Where the aforementioned monomer is 
polymerized and a salt-type carboxyl group is introduced into 
the cross-linked polymer using a basic aqueous solution of 
alkali metal hydroxide such as sodium hydroxide, lithium 
hydroxide and potassium hydroxide or ammonia and a 
method Where a carboxylic acid group is prepared by the 
reaction With a mineral acid such as nitric acid, sulfuric acid 
and hydrochloric acid or an organic acid such as formic acid 
and acetic acid followed by mixing With an alkali metal salt so 
that a salt-type carboxyl group is introduced by means of ion 
exchange. Among them, a hydrolysis method using potas 
sium hydroxide Whereby a carboxyl group of a potassium salt 
type having an excellent moisture absorptive rate is easily 
prepared is preferred. The condition by Which 1.0 to 10.0 
meq/g is achieved is able to be decided by clarifying the 
relation betWeen the amount of the salt-type carboxyl group 
to be introduced and the reaction factor such as reaction 
temperature, concentration and time by Way of experiments. 

There is no particular limitation for other monomer Which 
is able to copolymerize With the aforementioned monomer 
being stated in the aforementioned methods for polymeriza 
tion and its examples are vinyl halide compounds such as 
vinyl chloride, vinyl bromide and vinyl ?uoride; vinyliden 
monomer such as vinyliden chloride, vinyliden bromide and 
vinyliden ?uoride; unsaturated ketones such as methyl vinyl 
ketone, ethyl vinyl ketone, phenyl vinyl ketone, methyl 
isobutenyl ketone and methyl isopropenyl ketone; vinyl 
esters such as vinyl formate, vinyl acetate, vinyl propionate, 
vinyl butyrate, vinyl benzoate, vinyl monochloroacetate, 
vinyl dichloroacetate, vinyl trichloroacetate, vinyl mono?uo 
roacetate, vinyl di?uoroacetate and vinyl tri?uoroacetate; 
vinyl ethers such as methyl vinyl ether and ethyl vinyl ether; 
acrylamide and alkyl-substituted derivatives thereof; vinyl 
containing acid compounds such as vinylsulfonic acid, allyl 
sulfonic acid, methallylsulfonic acid, styrenesulfonic acid, 
2-acrylamide-2-methylpropanesulfonic acid, sulfopropyl 
methacrylate, vinylstearic acid and vinylsul?nic acid and 
salts, anhydrides and derivatives thereof; styrene and alkyl- or 
halo-substituted derivatives such as styrene, methylstyrene 
and chlorostyrene; allyl alcohol or esters or ethers thereof; 
vinylimides such as N-vinylphthalimide and N-vinylsuccino 
imide; basic vinyl compounds such as vinylpyridine, 
vinylimidazole, dimethylaminoethyl methacrylate, N-vi 
nylpyrrolidone, N-vinylcarbazole and vinylpyridine; unsat 
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8 
urated aldehydes such as acrolein and methacrolein; and 
cross-linking vinyl compounds such as glycidyl methacry 
late, N-methylolacrylamide, hydroxyethyl methacrylate, tri 
allyl isocyanurate, triallyl cyanurate and divinylbenzene. 

In order to achieve a high moisture absorptive rate and to 
maintain a shape stability during moisture absorption in the 
present invention, it is necessary that the moisture absorptive 
and desorptive ultra?ne particles are a cross-linking polymer 
having a cross-linking structure. There is no particular limi 
tation for the cross-linking structure so far as that does not 
affect the moisture absorptive and desorptive property Which 
is an object of the present invention and does not affect the 
properties of the product in Which said property is utilized. 
Thus, any of cross-linking structure due to covalent bond, 
ionic cross-linking, interaction among polymer molecules or 
cross-linking due to crystal structure may be used. There is 
also no particular limitation for a method of introduction of 
cross-link and examples thereof are a method Where cross 
link is introduced by copolymerization of a cross-linking 
monomer in a polymerization stage of a knoWn monomer 
used and a post-cross-linking method Where a knoWn mono 
mer is ?rstly polymerized and, after that, a cross-linking 
structure is introduced by means of chemical reaction or 
physical energy. Among them, a method Where a cross-link 
ing monomer is used during the polymerization stage of 
monomer or a method Where a chemical cross-linking is 
conducted after preparation of a polymer is particularly pre 
ferred in vieW of the fact that such a method is able to intro 
duce a strong cross-link by covalent bond and is hardly 
affected by physical and chemical modi?cations as a result of 
moisture absorption and desorption. 

In the method Where a cross-linking monomer is used 
during a polymerization stage of a monomer, it is possible to 
prepare a cross-linking polymer having a cross-linking struc 
ture based on a covalent bond by copolymerization of a 
knoWn cross-linking vinyl compound With a monomer having 
a carboxyl group or being able to convert to a carboxyl group. 
In that case hoWever, it is necessary that the cross-linking 
monomer is such a one Which is not affected or is hardly 
affected by an acidic condition shoWn by acrylic acid or the 
like Which is a monomer or by chemical in?uence (such as 
hydrolysis) upon conversion to a carboxyl group in the poly 
mer. 

Examples of the cross-linking monomer being able to be 
used in the method Where a cross-linking monomer is used 
during a polymerization stage of a monomer are cross-linking 
vinyl compounds such as glycidyl methacrylate, N-methy 
lolacrylamide, triallyl isocyanurate, triallyl cyanurate, divi 
nylbenzene, hydroxyethyl methacrylate, diethylene glycol 
di(meth)acrylate, triethylene glycol di(meth)acrylate, trim 
ethylolpropane tri(meth)acrylate and methylenebisacryla 
mide. Among them, the cross-linking structure by triallyl 
isocyanurate, triallyl cyanurate, divinylbenzene and methyl 
enebisacrylamide is chemically stable even, for example, at 
the stage of hydrolysis for introduction of carboxyl group 
Which is applied to the cross-linking polymer containing the 
cross-linking structure and is preferred. 

In addition, there is no particular limitation for a method by 
means of a post-cross-linking and its example is a post-cross 
linking method Where a hydrazine compound or formalde 
hyde is made to react With nitrile group in a nitrile polymer 
Wherein the content of vinyl monomer containing nitrile 
group is 50% by Weight or more. In particular, a method using 
a hydrazine compound is quite good because it is possible to 
introduce a strong cross-link Which is stable to acid and alkali, 
contributes to improvement in moisture absorptive property 
due to the hydrophilicity of the formed cross-linking structure 
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per se and is able to keep the form such as a porous form 
applied to polymer. Incidentally, With regard to the cross 
linking structure obtained by the said reaction, its details have 
not been identi?ed yet although it is presumed to be based 
upon a triaZole ring or a tetraZole ring. 

There is no particular limitation for the vinyl monomer 
having nitrile group so far as the monomer has nitrile group 
and its speci?c examples are acrylonitrile, methacrylonitrile, 
ethacrylonitrile, ot-chloroacrylonitrile, ot-?uoroacrylo-nitrile 
and vinylidene cyanate. Among them, acrylonitrile Which is 
advantageous in vieW of the cost and has much amount of 
nitrile group per unit Weight is most preferred. 

There is no particular limitation for a method of introduc 
ing a cross-link by the reaction With a hydraZine compound so 
far as the aimed cross-linking structure is obtained and the 
method may be appropriately selected upon necessity such as 
concentrations of the acrylonitrile polymer and the hydraZine 
compound during the reaction, solvent used, reaction time 
and reaction temperature. With regard to reaction temperature 
among those, When it is too loW, reaction rate becomes sloW 
resulting in long reaction time While, When it is too high, 
plasticiZation of the starting acrylonitrile polymer takes place 
Whereby the shape applied to the polymer may be destroyed. 
Therefore, the preferred reaction temperature is 50-150o C. 
or, more preferably, it is 80-120o C. There is also no particular 
limitation for the part of the acrylonitrile polymer Which is to 
be made to react With the hydraZine compound but the poly 
mer may be appropriately selected depending upon the use 
and the shape of the said polymer. To be more speci?c, the 
reaction is carried out only on the surface of the polymer, the 
reaction is carried out into the core area throughout, the 
reaction is carried out by limiting to the speci?c area, etc. may 
be appropriately selected. Examples of the hydraZine com 
pound used here are hydraZine hydrate; hydrazine salts such 
as hydraZine sulfate, hydraZine hydrochloride, hydraZine 
nitrate, hydrazine hydrobromide and hydraZine carbonate; 
and hydraZine derivative such as ethylenediamine, guanidine 
sulfate, guanidine hydrochloride, guanidine nitrate, guani 
dine phosphate and melamine. 
As an essential condition for enhancing the moisture 

absorptive and desorptive rate in the present invention, it is 
necessary that an average primary particle siZe of the mois 
ture absorptive and desorptive ultra?ne particles is 0.1 pm or 
smaller. The term reading an average primary particle siZe 
used here is a mean value of particle siZes in a state Where the 
moisture absorptive and desorptive ultra?ne particles are not 
associated or aggregated (primary particles). When said 
ultra?ne particles are present in a solvent in a ?nely dispersed 
state or in a form of emulsion, they are completely dispersed 
in Water and the value measured as an average particles siZe 
thereof is used. 

The case Where the particle siZe is more than 0.1 um is not 
preferred in vieW of the folloWing tWo points. (1) Speci?c 
surface area becomes small and the absorptive amount on the 
surface Which is the most contributing factor for enhancement 
of moisture absorptive rate loWers. (2) Since the radius 
becomes large, time for movement of Water molecules to the 
central part of the particle becomes long. Therefore, Water 
molecules are unable to move to the central part of the particle 
Within very short time, the central part does not contribute to 
the moisture absorptive rate and the inherent Water absorptive 
ability is unable to be achieved. 

Although there is no complete proportional relation 
betWeen saturated moisture absorptive ratio and moisture 
absorption amount Within short time or moisture absorptive 
rate, it is necessary for achieving the excellent moisture 
absorptive and desorptive rate and moisture absorptive and 
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10 
desorptive property Which are objects of the ultra?ne particles 
of the present invention that the saturated moisture absorptive 
ratios under 65% RH (relative humidity) and 90% RH at 200 
C. are not less than 20% by Weight and not less than 40% by 
Weight, respectively. When the saturated moisture absorptive 
ratios under the aforementioned relative humidity are less 
than 20% by Weight and not less than 40% by Weight, respec 
tively, the resulting fundamental property is that the moisture 
absorptive ability is loW and, as a result, the moisture desorp 
tive ability is inferior as Well Whereby the object of the present 
invention is unable to be achieved. Incidentally, the term 
reading a saturated moisture absorptive ratio used here means 
a moisture absorptive ratio under a saturated state at prede 
termined temperature and humidity. 
The moisture absorptive and desorptive ultra?ne particles 

of the present invention contain the sulfonic acid group and/ or 
salt-type sulfonic acid group as a polar group Which is other 
than the aforementioned salt-type carboxyl group. In addi 
tion, not only carboxylic acid group Which is not a salt type of 
course, but also a polar group such as amino group, phospho 
ric acid group, salt-type phosphoric acid group, hydroxyl 
group, nitro group, aldehyde group, amide group, nitrile 
group and mercapto group may be contained together in the 
moisture absorptive and desorptive ultra?ne particles of the 
present invention. Sulfonic acid group and/or salt-type sul 
fonic acid group (hereinafter, referred to as sulfonic acid/ 
sulfonate group) contribute(s) in a stable production or pres 
ence of moisture absorptive and desorptive ultra?ne particles 
in an aqueous system and are/is highly hydrophilic group(s) 
Which are/is preferred in vieW of moisture absorptive prop 
erty as Well. Incidentally, the sulfonic acid/sulfonate group 
mentioned in the present invention includes a mono-substi 
tuted sulfate and a salt thereof (iOiSO3H (or M: salt)). 
The amount of the sulfonic acid/sulfonate group Which is 

contained together With the salt-type carboxyl group is 0.1 to 
2.0 meq/g. When the amount of said group is less than 0.1 
meq/ g, ion repulsion by electric charge of the ultra?ne par 
ticles in an aqueous system becomes small and, therefore, 
there may be the cases Where the ultra?ne particles are not 
prepared and there may also the case Where it is dif?cult that 
the ultra?ne particles are made to be stably present. On the 
other hand, When the amount of the sulfonic acid/sulfonate 
group is more than 2.0 meq/ g, degree of hydrophilicity as a 
polymer becomes too high resulting in the same state as the 
Water absorptive resin Whereby there may result in the afore 
mentioned problems. Further, the sulfonic acid/sulfonate 
group has less moisture absorptive amount per unit Weight as 
compared With a salt-type carboxyl group and, therefore, 
there is a problem that the salt-type carboxyl group decreases 
While the sulfonic acid/sulfonate group increases Whereby the 
moisture absorptive ability itself loWers. 

There is also no particular limitation for the type of the salt 
of the sulfonic acid group so far as it forms a salt structure 
With a sulfonic acid group and examples thereof are alkali 
metal such as Li, Na, K, Rb and Cs, alkali earth metal such as 
Be, Mg, Ca, Sr and Ba, other metal such as Cu, Zn, Al, Mn, 
Ag, Fe, Co and Ni and organic cation such as NH4+ and amine 
compound. Among them, a potassium type Which is able to 
coexist With a potassium-type carboxyl group Which is par 
ticularly effective for enhancement of a moisture absorptive 
and desorptive rate is more preferred. It is also possible to use 
one or more of the aforementioned salt at the same time. 

There is no particular limitation for a method of introduc 
tion of the sulfonic acid/sulfonate group and examples 
thereof are a method Where a monomer containing a sulfonic 
acid/sulfonate group is copolymeriZed, a method Where a 
sulfonic acid/sulfonate group is introduced into a polymer 
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terminal using a initiator or a chain-transfer agent and a 
method Where polymerization is carried out using a reactive 
emulsi?er having a sulfonic acid/sulfonate group so that a 
sulfonic acid/sulfonate group is introduced into a polymer. 

Examples of the monomer Which is able to be used for a 
method of copolymerization With a monomer having a sul 
fonic acid/sulfonate group are vinylsulfonic acid/sulfonate, 
(meth)allylsulfonic acid/sulfonate, styrenesulfonic acid/sul 
fonate, 4-sulfobutyl (meth)acrylate and a salt thereof, meth 
allyloxybenzenesulfonic acid/sulfonate, allyloxybenzene 
sulfonic acid/sulfonate, 2-acrylamido-2 
methylpropanesulfonic acid/sulfonate and 2-sulfoethyl 
(meth)acrylate. 

Another method is that an initiator Which is able to generate 
a sulfonic acid/sulfonate radical is used and the radical is 
introduced as an initiator terminal. Examples of the initiator 
are that of a thermal decomposition type such as persulfate 
including ammonium persulfate, potassium persulfate, etc. 
With regard to an initiator of a redox type, there may be listed 
an initiator of a combination Where a sulfonic acid/sulfonate 
radical is able to be generated among the combinations of an 
oxidizing agent such as persulfate, perchlorate, silver salt, 
copper salt and iron (III) salt With a reducing agent such as 
sul?te, hydrogen sul?te, hyposul?te, pyrosul?te, triethanola 
mine and iron (II) salt. With regard to the chain-transfer agent, 
thioglycolsulfonic acid/sulfonate may be exempli?ed. 

In a method using a reactive emulsi?er having a sulfonic 
acid/sulfonate group, there is no particular limitation for the 
reactive emulsi?er Which is able to be used therefor and 
examples thereof are 4-nonyl-2-(l-propenyl)phenoxy-poly 
ethoxyethylsulfonic acid and a salt thereof, alkyl-alkenyl sul 
fo(salt) succinate, alkyl-allyloxy-(hydroxy)propyl sulfo(salt) 
succinate and alkyl-sulfo(salt) phenoxy-(hydroxy)propyl 
(meth)acrylate. 

There is no particular limitation for a method of preparing 
the ultra?ne particles of the present invention having the 
moisture absorptive and desorptive property but any method 
may be used so far as it is able to prepare the ultra?ne particles 
having the aforementioned characteristics. For example, as a 
method for the preparation of the ultra?ne particles of poly 
mer, polymerization methods such as emulsion polymeriza 
tion, precipitation polymerization and microemulsion poly 
merization may be used and, With regard to the form of 
polymerization, it may be either normal phase polymeriza 
tion or reversed phase polymerization. Among the above, 
emulsion polymerization gives good results in Which the lati 
tude for selection of type and amount of emulsi?ers and 
initiators is broad Whereby more various kinds of ultra?ne 
particles of polymer are able to be prepared. 

In giving the moisture absorptive and desorptive property, 
a method according to reversed phase polymerization is able 
to directly polymerize the aforementioned monomer having a 
carboxyl group to give ultra?ne particles having the moisture 
absorptive and desorptive property Whereby it has an advan 
tage of simplifying the processes. On the other hand, in a 
method Where polymerization is conducted by a normal 
phase using a monomer having a functional group Which is 
able to introduce a carboxyl group by a chemical modi?cation 
and then a salt-type carboxyl group is introduced by, for 
example, hydrolysis into the resulting ultra?ne particles, 
there are advantages that it is friendly to environment and the 
operation is easy because Water is used as a solvent. 

With regard to a method for the use of the moisture absorp 
tive and desorptive ultra?ne particles of the present invention, 
there is no particular limitation. For example, there may be 
listed a method Where said particles are directly dried to 
pulverize; a method Where they are ?xed to an appropriate 
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12 
substrate such as paper, ?lm and sheet and used as a moisture 
absorptive and desorptive sheet; and a method Where they are 
used after kneading With resin, ?ber, paint, etc. Among them, 
a method Where they are used as a moisture absorptive and 
desorptive sheet is able to make the surface area as a molded 
product for moisture absorption and desorption large and, 
therefore, the method is effective for making the moisture 
absorptive and desorptive rate quick. A method Where they 
are ?xed to a substrate or kneaded is also advantageous 
because the problem of destabilization caused by changes in 
the volume due to moisture absorption and desorption of the 
ultra?ne particles is able to be avoided as Well. 
The term “to ?x” used here means that the moisture absorp 

tive and desorptive ultra?ne particles are ?xed on a substrate 
and there is no particular limitation for strength of ?xing and 
for method of ?xing but various methods such as a ?xation by 
physical means and a ?xation by chemical bond may be 
adopted. Among them, a case Where the moisture absorptive 
and desorptive ultra?ne particles are directly bonded to a 
substrate or chemically bonded to a substrate via some com 
pound is advantageous in terms of durability giving a pre 
ferred result. 

There is no particular limitation for the amount of the 
moisture absorptive and desorptive ultra?ne particles to be 
?xed to the substrate but an amount depending upon the 
actual use may be appropriately selected and ?xed. HoWever, 
When the amount is too much as compared With the amount of 
the substrate, it is not sometimes preferred because the 
strength of the substrate is not durable While, When it is too 
small, there are some cases Where the moisture absorptive and 
desorptive characteristic Which is an inherent object is not 
fully achieved. A speci?cally preferred ?xed amount is 5 g/m2 
to 300 g/m2. 

There is also no particular limitation for the ratio of the 
moisture absorptive and desorptive ultra?ne particles to the 
sub stances other than the substrate in the ?xed area. HoWever, 
since it is preferred that the moisture absorptive and desorp 
tive property is enhanced as much as possible, the above ratio 
is preferred to be as high as possible. In the moisture absorp 
tive and desorptive ultra?ne particles of the present invention 
hoWever, their hydrophilicity is very high and, When the mois 
ture absorptive and desorptive ultra?ne particles are solely 
?xed to a substrate, there may be the case Where Waterproof 
property is not su?icient in some uses. Therefore, it is neces 
sary to ?x in a stronger manner using the method Which Will 
be mentioned later if necessary. Even in such a case, it is 
preferred in vieW of giving an excellent moisture absorptive 
and desorptive property that the ratio of the moisture absorp 
tive and desorptive ultra?ne particles in the ?xed area is more 
than 80%. 

There is no particular limitation for the substrate to be ?xed 
but it may be appropriately selected and used depending upon 
the actual use. Examples thereof are those having a form such 
as paper, nonWoven fabric, textile, knitting, molded ?ber, ?lm 
and sheet and the material therefor is organic or inorganic one 
for Which there is no particular limitation. Among them, the 
form such as paper, nonWoven fabric or porous sheet has 
pores appropriately and also has uneven surfaces Whereby it 
is able to easily ?x the moisture absorptive and desorptive 
ultra?ne particles and is also able to enhance the surface area 
per unit volume of the ?xed area and, accordingly, it is suit 
able for enhancing the moisture absorptive and desorptive 
rate. 

When the moisture absorptive and desorptive ultra?ne par 
ticles are ?xed, it is also possible to use a porous substance 
together With the moisture absorptive and desorptive ultra?ne 
particles With an object of enhancing the moisture absorptive 
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and desorptive rate as a moisture absorptive and desorptive 
sheet. With regard to the porous substance as such, that Which 
has been commonly used may be used and examples of an 
inorganic type are active carbon, carbon black, graphite, car 
bon ?ber, foamed glassy carbon, charcoal, coal, silicon car 
bide, silica gel, alumina, clay-type porous substance, porous 
glass, porous ceramic, sintered metal, Alundum, foamed con 
crete, pearlite, vermiculite, shirasu (a type of light gray vol 
canic ash), magnesia, glass ?ber and ceramic ?ber. Examples 
of an organic type are spongy or foamed ones made from a 
material such as polystyrene, polyvinyl chloride, polyethyl 
ene, polypropylene, polyvinyl alcohol, polyurethane, 
polyphenol, polyurea, polyepoxy, natural rubber, neoprene, 
neoprene-butylene rubber, styrene-butadiene rubber, silicone 
resin, polyester and acrylic resin; sintered ones consisting of 
polyacrylonitrile, acrylic resin, polystyrene and polyphe 
nylene oxide; and natural high-molecular porous substances 
such as Wood, straW, hemp palm and sponge. Among them, 
silica gel, Zeolite, active carbon, etc. are available in various 
siZes, particle siZes, porosities, ?ne pore siZes, etc. and are 
advantageous due to their high adaptability. 

There is also no particular limitation for a method of ?xing 
the moisture absorptive and desorptive ultra?ne particles but 
a commonly used method may be appropriately used. Usu 
ally, there is used a method Where a solution containing the 
moisture absorptive and desorptive ultra?ne particles is 
attached to or impregnated With a substrate and then a solvent, 
etc. are removed by drying, etc. The solvent for said solution 
containing the moisture absorptive and desorptive ultra?ne 
particles may be Water or an organic solvent and a mixture 
thereof may be used as Well. There is also no particular 
limitation for a method Where a dispersion containing the 
moisture absorptive and desorptive ultra?ne particles is 
attached but a commonly used coating method may be uti 
liZed. A coating method by means of impregnation is particu 
larly preferred as a method Where the dispersion is able to be 
attached to both sides at the same time and surely into the 
central area of the substrate. 

There is also no particular limitation for the strength of 
?xing. HoWever, in a common use of the moisture absorptive 
and desorptive sheet in Which the moisture absorptive and 
desorptive ultra?ne particles are ?xed, there are many cases 
Where it is continuously used for long time by repetition of 
moisture absorption and desorption and, in addition, there are 
some cases Where the ?xed moisture absorptive and desorp 
tive ultra?ne particles are exposed to Water due to, for 
example, deW condensation and it is preferred that the mois 
ture absorptive and desorptive function is able to be achieved 
Without detachment even under such conditions for use. In 
vieW of the above, it is preferred to use a thing Where it is 
chemically bonded to the substrate, Where it is chemically 
bonded via any compound, Where moisture absorptive and 
desorptive ultra?ne particles are bonded each other or Where 
the bonded one as such is chemically bonded to the substrate 
as compared With a thing in Which the moisture absorptive 
and desorptive ultra?ne particles are ?xed by a mere physical 
means. 

The present inventors have also found that, in the ?xation 
as such, another effect by making into ultra?ne particles is 
achieved. Thus, When each of the moisture absorptive and 
desorptive ultra?ne particles having a big particle siZe and the 
moisture absorptive and desorptive ultra?ne particles accord 
ing to the present invention are ?xed to the substrate, it has 
been found that, as compared With those having a big particle 
siZe, those of the present invention are able to be strongly 
?xed in a small amount of a binder (a substance for bonding 
to the substrate) Whereby durability is able to be enhanced. As 
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14 
a result of making the binder amount small as such in the case 
of the moisture absorptive and desorptive ultra?ne particles, it 
is noW possible that the ratio of the moisture absorptive and 
desorptive material occupying at the ?xed area is made high 
and that higher moisture absorptive and desorptive property is 
achieved. The reasons for the above phenomena Will be that, 
due to the ultra?neness of the particles, the particles upon 
formation of a coat are able to be ?lled tightly and that 
numbers of the points of contact of the particles per unit 
Weight increase. 

There is also no particular limitation for a method for 
chemical bonding of the moisture absorptive and desorptive 
ultra?ne particles to the substrate but commonly used meth 
ods may be adopted. Among them, it is particularly preferred 
to adopt a method Where the moisture absorptive and desorp 
tive ultra?ne particles are bonded to the substrate by using a 
cross-linking compound (including a polymer) having tWo or 
more functional groups having a cross-linking property in a 
molecule, a method Where the moisture absorptive and des 
orptive ultra?ne particles are bonded each other by using the 
cross-linking compound or a chemical bonding method 
Where the above-mentioned means are combined. With 

regard to the functional group having a cross-linking property 
used here, there may be listed epoxy group, carboxyl group, 
hydroxyl group, methylol group, oxaZoline group, amino 
group, aZiridine group, isocyanate group and blocked isocy 
anate group. Among them, epoxy group, aZiridine group and 
oxaZoline group are particularly preferred since their reactiv 
ity is high and their handling is easy. Examples of a cross 
linking compound having such a group are a di- or tri-glycidyl 
compound such as diglycidyl ether, glycerol diglycidyl ether, 
glycerol triglycidyl ether, ethylene glycol diglycidyl ether, 
propylene glycol diglycidyl ether and polyethylene glycol 
diglycidyl ether; a glycol compound such as ethylene glycol, 
propylene glycol, polyethylene glycol and glycerol; a 
hydroxyl group-containing compound such as glycidyl alco 
hol, trimethylolpropane, polyvinyl alcohol and pentaerythri 
tol; and ethanolamine, ethylenediamine, propylenediamine, 
trimethylolmelamine, polyethyleneimine, urea, oxaZoline 
type reactive polymer and multifunctional aZiridine com 
pound. With regard to a cross-linking compound of another 
type, salt of multivalent metal such as magnesium, Zinc, chro 
mium and calcium may be used as Well. Such a cross-linking 
compound may be used solely or plural types thereof may be 
used jointly. Although there is no particular limitation for the 
amount of the cross-linking compound used, it is preferred to 
use an amount of as little as possible since the compound 
tends to inhibit the moisture absorptive and desorptive ability. 
Practically, it is appropriate to use 0.1 to 20.0% by Weight or, 
more preferably, 1.0 to 10.0% by Weight to the moisture 
absorptive and desorptive ultra?ne particles. 
As to another method for a chemical bonding of the mois 

ture absorptive and desorptive ultra?ne particles to a sub 
strate, a method Where a polymeriZing compound is used and 
polymeriZed so as to bond to a substrate also gives a good 
result. It is believed that, in this method, covalent bond 
strongly bonds betWeen the substrate and the moisture 
absorptive and desorptive ultra?ne particles by means of a 
graft polymerization Where a substrate is a starting point or by 
means of a graft polymerization Where the moisture absorp 
tive and desorptive ultra?ne particles are starting points. Even 
When there is no direct bond betWeen the substrate and the 
moisture absorptive and desorptive ultra?ne particles, the 
substrate and the moisture absorptive and desorptive ultra?ne 
particles or the moisture absorptive and desorptive ultra?ne 
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particles each other may be strongly trapped by a network 
formed by polymerization Whereupon ?xation to the sub 
strate takes place. 

With regard to an actual method for the ?xation using the 
polymerizing compound, there may be exempli?ed a method 
Where a mixture of moisture absorptive and desorptive 
ultra?ne particles, polymerizing compound and polymeriza 
tion initiator is applied to a substrate and the polymerizing 
compound is polymerized and ?xed upon removal of the 
solvent such as drying; a method Where a solvent is once 
removed after the application and then a polymerizing com 
pound is polymerized; and a combined method Where a 
chemical bonding is conducted using the aforementioned 
cross-linking compound and then a polymerizing compound 
is polymerized. Incidentally, in conducting those methods, 
the aforementionedporous substance may be used at the same 
time. 

Examples of the polymerizing compound Which is able to 
be used for the methods as such are a monomer used for 
introduction of a carboxyl group and a monomer Which Was 
previously exempli?ed as a monomer being able to be copo 
lymerized or a cross-linking monomer. Among them, that 
having a functional group Which has a high a?inity to or has 
reactivity With moisture absorptive and desorptive ultra?ne 
particles such as epoxy group, carboxyl group and hydroxyl 
group is particularly preferred. Although there is no particular 
limitation for the amount of the polymerizing compound 
used, it is preferred to use an amount of as little as possible 
since the compound tends to inhibit the moisture absorptive 
and desorptive ability. Practically, it is appropriate to use 0.1 
to 20.0% by Weight or, more preferably, 1.0 to 10.0% by 
Weight to the moisture absorptive and desorptive ultra?ne 
particles. 

With regard to a method for polymerization of a polymer 
izing compound, there is no particular limitation but a poly 
merization method Which is able to be commonly used may 
be used. Among them, a method Where an initiator of a ther 
mal decomposition type in Which the heat during drying of an 
already-applied sheet is able to be effectively utilized or an 
initiator of a redox type is used for polymerization and a 
method Where energy ray such as electronic ray and ultravio 
let ray is used gives a good result. 

Examples of the initiator of a thermal decomposition type 
are a peroxide-type initiator such as benzoyl peroxide, di-tert 
butyl peroxide, diisopropyl peroxydicarbonate, 2,4-dichlo 
robenzoyl peroxide, lauroyl peroxide, cyclohexanone perox 
ide, tert-butyl perbenzoate, dicumyl peroxide, di-tert-butyl 
peroxide, p-menthane hydroperoxide, pinan hydroperoxide, 
cumene hydroperoxide, acetyl peroxide, potassium persul 
fate and ammonium persulfate; and an azo-type initiator such 
as azobisisobutyronitrile, methyl azobisisobutyrate, azobis 
2,4-dimethylvaleronitrile, azobiscyclohexane carbonitrile, 
azobisisobutylamidine hydrochloride and 4,4'-azobis-4-cy 
anovaleric acid. 

Examples of the initiator of a redox type are combinations 
of cumene hydroperoxide or dialkyl peroxide With amine, 
polyamine or iron salt; hydrogen peroxide With ammonia, 
ethylamine or iron salt; potassium persulfate or ammonium 
persulfate With sodium sul?te, sodium hydrogen sul?te, tri 
ethanolamine or iron salt; sodium perchlorate With sodium 
sul?te; and cerium sulfate With alcohol, amine or starch. 

In a method Where energy ray such as electronic ray or 
ultraviolet ray is used, a commonly used sensitizer may be 
used. Its examples are a carbonyl compound such as acetone, 
biacetyl, benzyldimethylketal, benzoin, benzanthrone, ben 
zophenone, cyclohexanone and acetylacetone; a sulfur com 
pound such as thiophenol, thiocresol, 2-mercaptobenzimida 
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zole, mercaptobenzoxazole, mercaptobenzthiazole, methyl 
dithiocarbamate, diphenyl sul?de, diphenyl disul?de, diben 
zoyl disul?de, dibenzthiazoyl disul?de, tetraalkylthiuram 
sul?de, tetraalkylthiuram disul?de, thioxanthone, 2-isopro 
pylthioxantone and 2,4-diethylthioxanthone; a halogen com 
pound such as bromopropane, chlorocyclohexane and chlo 
romethylnaphthalene; an amino compound such as 
triethylamine, diethylamine, diethanolamine, ethanolamine, 
dimethylaminobenzoic acid and methyl dimethylaminoben 
zoate; a knoWn peroxide or azobis compound; and a dye-type 
sensitizer such as rhodamine, erythrosine, acryl?avin, ribo 
?avin, eosin, ?uorescein, isocyan, pinacyanol halide and 
cryptocyanine. If necessary, the aforementioned initiator of a 
thermal decomposition type or that of a redox type may be 
compounded thereWith. 

In the aforementioned ?xing method, an additive may be 
used if necessary provided that the moisture absorptive and 
desorptive characteristic of the present invention Which is an 
object of the present invention is not signi?cantly loWered. 
Thus, various kinds of thermal polymerization inhibitor, lev 
eling agent, thickener, viscosity-lowering agent, thixotropy 
giving agent, halation inhibitor, delustering agent, coloring 
pigment, diluent, ?ller, enriching agent and thermoplastic 
resin, etc. may be appropriately selected and used. 

There is no particular limitation for the form of the afore 
mentioned moisture absorptive and desorptive sheet used but 
it is possible to use a sheet form as it is or to use after 
subjecting to a molding process. Among them, a method 
Where a moisture absorptive and desorptive element prepared 
by layering of moisture absorptive and desorptive sheets 
gives a good result as a method Where a high moisture absorp 
tive and desorptive rate Which is a characteristic of the mois 
ture absorptive and desorptive ultra?ne particles is able to be 
utilized. With regard to the form of said layering, it is possible 
to adopt a molding by Which a contacting area With vapor 
participating in moisture absorption and desorption is able be 
made Wide and a pressure loss is also able to be made loW and 
that is practically advantageous as Well. Here, the term “lay 
ering” stands for a state Where the moisture absorptive and 
desorptive sheets as they are or after being molded are layered 
under such a state that there are many pores Which are able to 
pass gas such as vapor Which is an object for moisture absorp 
tion and desorption or air Which is a medium. The case Where 
a material other than the moisture absorptive and desorptive 
sheet is contained either in a sheet form or a molded form 
during said layering is also covered Within the term “layer 
ing” of the present invention. 

Speci?c examples of the layering are a corrugated form 
(Wavy form) comprising the moisture absorptive and desorp 
tive sheets as being exempli?ed in FIG. 1, a honeycomb type 
(tetragon, hexagon, octagon, etc.) as being exempli?ed in 
FIG. 2 and a rolled core type (pseudo-circular shape). In a 
corrugated form, its production is in such a manner that a 
moisture absorptive and desorptive sheet is continuously bent 
to prepare a sheet having many continued peaks and valleys 
and then bottoms of the valleys of the aforementioned bent 
sheet are adhered or fused onto the surface of another ?at 
sheet. The resulting one-side corrugated sheet is further lay 
ered or is Wound in a roll form Whereupon a molded product 
having many pores is prepared and used. With regard to the 
aforementioned sheet to bend and the ?at sheet, both may be 
moisture absorptive and desorptive sheets or only one of them 
may be a moisture absorptive and desorptive sheet. 
The size of the Wave of said corrugated product may be 

appropriately selected in vieW of the relation With the mois 
ture absorptive and desorptive property and the pressure loss 
depending upon the actual use. As to the usual size, that Where 
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height is 10 mm or less and Width is 20 mm or less is often 
used. When a higher moisture absorptive and desorptive prop 
erty is demanded, that Where the siZe of Waves is small is 
preferred and a product in Which height is 0.5 to 5 mm and 
Width is 0.5 to 10 mm often gives a good result. 

There is no particular limitation for actual examples of the 
use of a moisture absorptive and desorptive element compris 
ing the moisture absorptive and desorptive sheets of the 
present invention and it is able to be used, for example, as an 
apparatus for dehumidi?cation and humidi?cation actively 
utiliZing the moisture absorptive and desorptive property and 
a heat pump utiliZing the heat generation as a result of humidi 
?cation and the heat absorption as a result of dehumidi?ca 
tion. With regard to a humidifying and dehumidifying appa 
ratus (humidifying/dehumidifying apparatus), it has the 
moisture absorptive and desorptive element comprising the 
aforementioned layered product as one of the constituting 
elements and an example of the present apparatus is an appa 
ratus having the so-called humidity-adjusting function in 
Which a rotor for humidi?cation and dehumidi?cation com 
prising the aforementioned moisture absorptive and desorp 
tive sheets is used as shoWn in FIG. 3, a system as shoWn in 
FIG. 4 comprising a motor Which rotates said rotor, an air 
bloWing or sucking means comprising fan and duct for bloW 
ing or sucking the air to said rotor and heat source for regen 
eration or loW-humidity air source is used for dehumidi?ca 
tion or humidi?cation by the same structure as before 
Whereby a place is able to be kept at a constant humidity. 

Other speci?c examples are a moisture absorptive and des 
orptive element Where the aforementioned one- side sheets are 
arranged in the same direction as shoWn in FIG. 5 and that 
Where they are layered in the different directions as shoWn in 
FIG. 6. In the former case, it is an apparatus Where humidi 
?cation and dehumidi?cation are carried out one after another 
by a batch system as shoWn in FIG. 7 Whereby adjustment of 
humidity is conducted by means of humidi?cation and dehu 
midi?cation. In the latter case, it is an apparatus Where gas 
materials having different humidity are passed from a differ 
ent direction of each pore Whereby humidi?cation and dehu 
midi?cation take place in each of the moisture absorptive and 
desorptive element sheets and transfer of humidity or, in other 
Words, latent heat reaction takes place and, as a result, 
humidi?cation or dehumidi?cation is able to be carried out. 

EXAMPLES 

The present invention Will noW be speci?cally illustrated 
by Way of the folloWing examples although the present inven 
tion is not limited to those examples. Unless otherWise men 
tioned, the terms “part(s)” and “%” used in the Examples are 
those by Weight. First, method for evaluating the character 
istics and the Way of expressing the evaluated result Will be 
illustrated. 

Firstly, evaluation of the moisture absorptive ability is car 
ried out in terms of a saturated moisture absorptive ratio and 
a tWo-minute moisture absorptive amount Which stands for a 
moisture absorptive rate. The saturated moisture absorptive 
ratio is a value obtained by the folloWing method. The mois 
ture absorptive and desorptive ultra?ne particles in an emul 
sion form is applied by impregnating With a substrate paper 
and dried by hot air of 105° C. and the resulting sheet is used 
as a sample for the measurement of a moisture absorptive 
ability. In conducting the measurement, about 1.0 g of said 
sheet is ?rstly dried With a hot-air drier at 105° C. for 16 hours 
and Weight of the sample is measured (Wds (g)). Then the 
sample is alloWed to stand for 24 hours in a constant-tem 
perature and constant-humidity chamber Where temperature 
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is adjusted at 20° C. and relative humidity is adjusted to 65% 
RH or 90% RH and Weight of the moisture-absorbed sample 
is measured (WWs (g)). The same operations are also con 
ducted for the paper Which is a substrate for impregnation and 
the resulting Weights are called Pds and PWs. On the basis of 
the above results, a saturated moisture absorptive ratio is 
calculated from the folloWing formula. 

Saturated moisture absorptive ratio (% by Weight):{ 
[( Wws- Wds)— (PWs—Pds)]/( Wds-Pds) }x 1 00 

With regard to the saturated moisture absorptive ratio of the 
moisture absorptive and desorptive ultra?ne particles them 
selves, the absolutely dried moisture absorptive and desorp 
tive ultra?ne particles are ?nely pulveriZed using a mortar and 
the resulting dry ?ne poWder is used as a sample for the 
measurement. Said poWder (about 1.0 g) is dried by a hot-air 
drier at 105° C. for 30 minutes and its Weight is measured (Wd 
(g)). Then the sample is alloWed to stand for 16 hours in a 
constant-temperature and constant-humidity chamber Where 
temperature is adjusted at 20° C. and relative humidity is 
adjusted to 65% RH or 90% RH and Weight of the moisture 
absorbed sample is measured (WW (g)). On the basis of the 
above value, calculation is conducted by the folloWing for 
mula. 

Saturated moisture absorptive ratio (% by Weight):{ 
(Ww- Wd)/Wd}><100 

Method for the measurement of the tWo-minute moisture 
absorptive amount is as folloWs. Firstly, a sample to be mea 
sured is prepared by the folloWing method. An emulsion 
solution containing about 10% by Weight of the moisture 
absorptive and desorptive ultra?ne particles is applied to 
paper having a thickness of about 200 pm by means an 
impregnation application method so as to make the moisture 
absorptive and desorptive ultra?ne particles about 50 g/m2 
and then dried With a hot air of 120° C. to prepare the paper 
having a moisture absorptive and desorptive ability. After 
that, said paper is subjected to a one-side corrugating process 
under the condition of 3.4 mm cell pitch Width and 1.7 mm 
cell height, the resulting corrugated product is Wound into a 
cylindrical shape Where diameter of the opening is 38 mm and 
length is 200 mm so that air ?oWs in the longitudinal direction 
and the resulting molded product is used as a sample for the 
measurement. Then, With regard to the measurement of said 
sample, it is ?rstly subjected to a drying treatment under the 
condition of 65° C. and an absolute humidity of 14 g/kg-dry 
air. When it is con?rmed that there is no more change in 
Weight under said condition, the drying treatment is ?nished 
and the Weight at that time is de?ned as a dry Weight (Wd1 
(g)). After that, humidi?cation is carried out in such a manner 
that air of 27° C. With an absolute humidity of 1 1 g/kg-dry air 
is passed through the corrugated paper in the longitudinal 
direction of the corrugated paper at a surface air speed of 2 
m/ sec at the cross section (38 mm diameter) of the opening of 
the molded product. The moisture-absorbing operation is 
conducted for 2 minutes and Weight after said 2 minutes is 
measured and is de?ned as a Wet Weight (WW1 (g)). Differ 
ence betWeen the resulting Wet Weight (WW1 (g)) and dry 
Weight (Wd1 (g)) is de?ned as a tWo-minute moisture absorp 
tive amount. 

On the other hand, the moisture desorptive rate is evaluated 
by a moisture desorbed amount during tWo minutes. Thus, a 
moisture-absorbing treatment is carried out under the condi 
tions of at 27° C. and an absolute humidity of 11 g/kg-dry air. 
When it is con?rmed that there is no more change in Weight 
under said conditions upon saturated moisture absorption, the 
moisture-absorbing treatment is ?nished and the Weight at 



US 7,468,414 B2 
19 

that time is de?ned as a Wet Weight (WW2 (g)). After that, 
drying is carried out in such a manner that air of 65° C. With 
an absolute humidity of 14 g/kg-dry air is passed through the 
corrugated paper in the longitudinal direction of the corru 
gated paper at a surface air speed of 2 m/sec at the cross 
section (38 mm diameter) of the opening of the molded prod 
uct. The drying treatment is conducted for 2 minutes and 
Weight after said 2 minutes is measured and is de?ned as a dry 
Weight (Wd2 (g)). Difference betWeen the resulting dry 
Weight (Wd2 (g)) and Wet Weight (WW2 (g)) is de?ned as a 
tWo-minute moisture desorptive amount. In both cases of 
moisture absorptive and desorptive rates, the more the tWo 
minute moisture absorptive and desorptive amounts, the 
higher the moisture absorptive and desorptive rates. 

Average particle siZe of the particles is measured With 
Water as a dispersing medium by using a particle siZe distri 
bution measuring device of a laser diffraction type (ELS-800 
manufactured by Otsuka Electronics). 

With regard to the amount of a salt-type carboxyl group, 1 
g of a Well-dried sample is precisely Weighed Q( (g)), 200 ml 
of Water is added thereto, 1N aqueous solution of hydrochlo 
ric acid is added under Warming at 50° C. to adjust to pH 2 so 
that all carboxyl groups contained in the sample are made into 
those of an H type and then a titration curve is determined 
according to a conventional method using 0.1N NaOH aque 
ous solution. From said titration curve, amount of the NaOH 
solution (Y (ml)) consumed for the carboxyl groups of an H 
type is determined and then the total carboxyl group amount 
contained in the sample is calculated by the folloWing for 
mula. 

(Total carboxyl group amount meq/ g):0.1 Y/X 

In the meanWhile, a titration curve is similarly determined 
Without adjusting to pH 2 by addition of 1N aqueous solution 
of hydrochloric acid during the aforementioned operation for 
the measurement of the amount of the total carboxyl group 
and the amount of a carboxyl group of an H type contained in 
the sample is measured. From those results, amount of the 
carboxyl group of a salt type is calculated by the folloWing 
formula. 

(Amount ofthe carboxyl group ofa salt type meq/g): 
(total carboxyl group aInount)-(alnount of a car 
boxyl group ofan H type) 

With regard to a quantitative determination of sulfonic 
group, concentration of sulfur is quanti?ed by elementary 
analysis and, from the result thereof, amount of sulfonic acid 
group is calculated. 

Detaching ratio due to running Water is measured as fol 
loWs. A moisture absorptive and desorptive sheet in a siZe of 
9 cm><21 cm to Which the moisture absorptive and desorptive 
material is applied is dried at 105° C. for 30 minutes and then 
dry Weight is measured. Then said sheet is hung in a 10-liter 
container fully ?lled With Water and 2 liters/minute of Water is 
?oWn into the container during 1 hour and is over?oWed 
Whereupon the moisture absorptive and desorptive sheet is 
exposed to running Water. After 1 hour, the sheet after treating 
With running Water is dried at 105° C. for 30 minutes and its 
Weight is measured. Percentage of the value calculated by 
dividing the difference betWeen the Weights before and after 
the treatment by the Weight before the treatment is de?ned as 
a detaching ratio due to running Water. This value is a numeral 
shoWing the Waterproof property of the moisture absorptive 
and desorptive sheet and, When the value is smaller, the Water 
proof property is judged to be higher. 
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Example 1 

400 parts of Acrylonitrile (AN), 40 parts of methyl acrylate 
(MA), 100 parts of divinylbenZene (DVB), 26 parts of sodium 
p-styrenesulfonate (SPSS) and 1181 parts of Water Were 
charged in a 2000-ml autoclave, then di-tert-butyl peroxide as 
an initiator for polymeriZation Was added in an amount of 
0.5% to the total amount of the monomers and, after being 
tightly closed, the mixture Was polymeriZed With stirring at 
160° C. for 10 minutes. After completion of the reaction, the 
mixture Was cooled doWn to room temperature With a con 
tinuous stirring and the polymerized product Was taken out 
from the autoclave. The product Was a polyacrylonitrile-type 
cross-linked polymer in an emulsion form having very ?ne 
particle siZe Where an average particle siZe Was 0.06 pm and 
concentration of the polymer Was 27%. 

To 370 parts of the resulting polyacrylonitrile-type cross 
linked polymer in an emulsion form Were added 45 parts of 
potassium hydroxide and 590 parts of Water and the reaction 
Was carried out at 95° C. for 36 hours Whereby nitrile group 
and methyl ester group Were hydrolyZed to convert to car 
boxylic acid group (potassium salt type at the stage Where the 
hydrolysis reaction Was ?nished). The resulting hydrolyZed 
solution Was placed in a semipermeable membrane of cellu 
lose and dipped in deioniZed Water to desalt to give the mois 
ture absorptive and desorptive ultra?ne particles of the 
present invention in an emulsion form. Characteristics of the 
resulting moisture absorptive and desorptive ultra?ne par 
ticles are as shoWn in Table 1 and the saturated moisture 
absorptive ratio Was so good that it Was 56% at 20° C.><65% 
RH and 98% at 20° C.><90% RH. It Was also con?rmed that 
the two-minute moisture absorptive amount and desorptive 
amount Were as high as 1.4 and 1.5, respectively (high mois 
ture absorptive and desorptive rate). 

Example 2 

The moisture absorptive and desorptive ultra?ne particles 
of the present invention Were prepared by the same formula 
tion as in Example 1 except that the reaction time for hydroly 
sis Was changed to 4 hours. Characteristics of the resulting 
moisture absorptive and desorptive ultra?ne particles are as 
shoWn in Table 1 and, as compared With Example 1, the 
saturated moisture absorptive ratio Was a bit loW probably due 
to the fact that the amount of the salt-type carboxyl group Was 
as loW as 4.5 meq/ g. HoWever, loWering in the tWo-minute 
moisture absorptive and desorptive amounts Was rarely noted 
and an excellent moisture absorptive and desorptive rate Was 
achieved. 

Example 3 

The moisture absorptive and desorptive ultra?ne particles 
of the present invention of a sodium salt type Was prepared by 
the same formulation as in Example 1 except that the hydroly 
sis reaction Was conducted using sodium hydroxide instead of 
potassium hydroxide. The saturated moisture absorptive ratio 
Was higher than that in Example 1 having a high moisture 
absorptive ability. HoWever, the tWo-minute moisture absorp 
tive and desorptive amounts Were loW as compared With 
Example 1. That is probably due to the fact that the salt type 
of the carboxylic acid Was sodium. 

Example 4 

450 parts of Acrylonitrile (AN), 40 parts of methyl acrylate 
(MA), 45 parts of sodium p-styrenesulfonate (SPSS) and 
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1 181 parts of Water Were charged in a 2000-ml autoclave, then 
di-ter‘t-butyl peroxide as an initiator for polymerization Was 
added in an amount of 0.5% to the total amount of the mono 

mers and, after being tightly closed, the mixture Was poly 
merized With stirring at 160° C. for 10 minutes. After comple 
tion of the reaction, the mixture Was cooled doWn to room 
temperature With a continuous stirring and the polymerized 
product Was taken out from the autoclave. The product Was a 
polyacrylonitrile-type polymer in an emulsion form having 
very ?ne particle size Where an average particle size Was 0.04 
pm and concentration of the polymer Was 28%. 

370 parts of the resulting polyacrylonitrile-type polymer in 
an emulsion form Were mixed With 50 parts of 60% hydrazine 
and 850 parts of Water and subjected to a hydrazine treatment 
at 90° C. for 16 hours to introduce a cross-link. Further, 100 
parts of potassium hydroxide Was added thereto and the reac 
tion Was conducted at 95° C. for 36 hours Whereupon the 
residual nitrile group Was hydrolyzed to convert to carboxylic 
acid group (potassium salt type at the stage Where the 
hydrolysis Was ?nished). The resulting hydrolyzed solution 
Was placed in a semipermeable membrane of cellulose and 
dipped in deionized Water to desalt to give the moisture 
absorptive and desorptive ultra?ne particles of the present 
invention by an after-cross-linking method in an emulsion 
form. Characteristics of the resulting moisture absorptive and 
desorptive ultra?ne particles are as shoWn in Table 1. Due to 
the after-cross-linking, nitrile group Which is the origin of 
carboxyl group Was used and, therefore, amount of carboxyl 
group Was a bit loW although a saturated moisture absorptive 
ratio and moisture absorptive and desorptive rate Were sul? 
cient. 

Example 5 

1 part of Sodium laurylsulfate, 3 parts of ammonium per 
sulfate and 350 parts of deionized Water Were placed in a 
reaction vessel, the reaction vessel Was heated up to 70° C. 
and 35 parts of methyl acrylate (referred to as MA), 40 parts 
of butyl acrylate, 15 parts of divinylbenzene, 5 parts of meth 
acrylic acid, 5 parts of sodium p-styrenesulfonate, 3 parts of 
polyethylene glycol (23 mol) monoacrylate and 50 parts of 
deionized Water Were dropped thereinto keeping the tempera 
ture at 70° C. With stirring to start the polymerization. Drop 
ping rate Was adjusted so that dropping of those monomers 
?nished Within 30 minutes and polymerization Was con 
ducted keeping the same condition for 2 hours after comple 
tion of the dropping. The resulting polymer emulsion Was 
very ?ne Where solid content Was 21% and an average particle 
size Was 0.03 um. 

To 480 parts of the resulting polymer emulsion Was added 
a solution Where 45 parts of potassium hydroxide Was dis 
solved in 475 parts of deionized Water and the mixture Was 
subjected to a hydrolysis reaction at 95° C. for 48 hours and 
for 8 hours more under a re?uxing condition. The mixed 
solution after the hydrolysis Was placed in a semipermeable 
membrane of cellulose and dipped in deionized Water to 
desalt to give the moisture absorptive and desorptive ultra?ne 
particles of the present invention in an emulsion form by 
means of a method for introduction of carboxylic acid by Way 
of hydrolysis of ester. Characteristics of the resulting mois 
ture absorptive and desorptive ultra?ne particles are as shoWn 
in Table 1. Thus, an average particle size Was as very small as 
0.04 um and a saturated moisture absorptive ability and a 
moisture absorptive and desorptive rate Were excellent. 
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Comparative Example 1 

The same method as in Example 1 Was conducted except 
that the hydrolyzing condition Was changed to at 70° C. for 4 
hours to prepare ultra?ne particles. Characteristics of the 
resulting ultra?ne particles are shoWn in Table 1. Since the 
hydrolyzing condition Was mild, content of the carboxylic 
acid group Was very little. As a result, a saturated moisture 
absorptive ability Was loW and a tWo-minute moisture absorp 
tive and desorptive amount Was very little Whereby the prod 
uct Was unable to be practically used. 

Comparative Example 2 

550 parts of Acrylonitrile (AN), 40 parts of methyl acrylate 
(MA), 20 parts of divinylbenzene (DVB), 26 parts of sodium 
p-styrenesulfonate (SPSS) and 1181 parts of Water Were 
charged in a 2000-ml autoclave, then di-tert-butyl peroxide as 
an initiator for polymerization Was added in an amount of 
0.5% to the total amount of the monomers and, after being 
tightly closed, the mixture Was polymerized With stirring at 
160° C. for 10 minutes. After completion of the reaction, the 
mixture Was cooled doWn to 90° C. With a continuous stirring 
and the polymerized product Was taken out from the auto 
clave. The product Was a polyacrylonitrile-type cross-linked 
polymer in an emulsion form having very ?ne particle size 
Where an average particle size Was 0.05 pm and concentration 
of the polymer Was 29%. 

To 370 parts of the resulting polyacrylonitrile-type cross 
linked polymer in an emulsion form Were added 45 parts of 
sodium hydroxide and 5 90 parts of Water and the reaction Was 
carried out at 95° C. for 36 hours Whereupon nitrile group and 
methyl ester group Were hydrolyzed to convert to carboxylic 
acid group (sodium salt type at the stage of completion of the 
hydrolysis reaction). Since the product obtained after the 
reaction Was in a gel state, 500 parts of Water Was further 
added to make into a suspension state of the gel. The resulting 
product in a suspension state Was placed in a semipermeable 
membrane of cellulose and dipped in deionized Water to 
desalt. Result of the evaluation of the characteristics of the 
product is as shoWn in Table 1. Thus, although moisture 
absorptive property under high humidity Was high, a moisture 
absorptive property at 20° C. and 65% RH Was loW and the 
tWo-minute moisture absorptive and desorptive amount Was 
also very little Whereby the product Was unable to be practi 
cally used. In addition, due to its gel state, correct measure 
ment of its average particle size Was not possible. 

Comparative Example 3 

Moisture absorptive and desorptive ?ne particles Were pre 
pared by the same method as in Example 1 except that the 
amount of sodium p-styrenesulfonate (SPSS) Was changed to 
16 parts. Characteristics of the resulting ?ne particles are as 
shoWn in Table 1 and the average particle size Was 0.4 um and 
Was larger than that of the present invention. A saturated 
moisture absorptive ratio shoWed a high value and, When 
much time Was applied, the resulting moisture absorptive 
ability Was good. HoWever, the tWo-minute moisture absorp 
tive and desorptive amount Was loW as compared With the 
product of Example 1 and the moisture absorptive and des 
orptive property Was inferior Whereby that Was not a suf?cient 
property When a practical use Was taken into consideration. 
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TABLE 1 

Comparative Comparative Comparative 
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 

Amount ofa salt-type [meq/g] 7.9 4.5 9.1 6 7.3 0.8 10.2 8.0 
carboxyl group 
Salt type i K K Na K K K Na K 
Amount ofsulfonic acid [meq/g] 0.13 0.13 0.14 0.21 0.19 0.21 0.11 0.08 
group 
Average particle size [pm] 0.08 0.07 0.08 0.1 0.04 0.06 i 0.4 
Saturated 20° C. x 65% RH [%] 56 30 60 48 53 11 18 54 
moisture 20° C. x 90% RH [%] 98 62 102 88 96 34 168 99 
absorptive 
ratio 
TWo-minute moisture [g] 1.4 1.2 0.7 1.0 1.3 0.2 0.1 0.4 
absorptive amount 
TWo-minute moisture [g] 1.5 1.4 0.8 1.2 1.5 0.2 0.2 0.5 
desorptive amount 

Example 6 20 Example 8 

To 100 parts of the emulsion containing 10% by Weight of 
the moisture absorptive and desorptive ultra?ne particles pre 
pared in Example 1 Was added 0.5 part of ethylene glycol 
diglycidyl ether and mixed With stirring at room temperature. 
Said mixed solution Was used and applied by impregnation 
With substrate paper having a basis Weight of 45 g/m2 and 
dried at 1200 C. to give the moisture absorptive and desorptive 
sheet of the present invention to Which the moisture absorp 
tive and desorptive component of 70 g/m2 in terms of a solid 
Was ?xed. Characteristics of said sheet are as shoWn in Table 
2.Although the saturated moisture absorptive ratio Was some 
What loWer than that of the starting moisture absorptive and 
desorptive ultra?ne particles, the product still maintained a 
high property and its Waterproof property judged from the 
detaching ratio due to running Water Was excellent as Well. 

Example 7 

To 100 parts of the emulsion containing 10% by Weight of 
the moisture absorptive and desorptive ultra?ne particles pre 
pared in Example 1 Was added 0.5 part of acrylic acid and 0.02 

The moisture absorptive and desorptive sheet of the present 
invention Was prepared by the same method as in Example 6 
except that 1.8 parts of ethylene glycol diglycidyl ether Was 
used. Characteristics of said sheet are as shoWn in Table 2. 

25 Thus, detaching ratio due to running Water Was very loW and 
Waterproof property Was particularly excellent. However, 
probably due to the fact that a moisture absorptive and des 
orptive site Was used for cross-linking, although its saturated 
moisture absorptive ratio Was in a practically durable level, it 

30 Was loW as compared With that of the starting moisture 
absorptive and desorptive ultra?ne particles. 

Comparative Example 4 
A moisture absorptive and desorptive sheet Was prepared 

35 by the same method as in Example 6 except that the moisture 
absorptive and desorptive particles having a big particle siZe 
prepared in Example 3 Were used. Characteristics of the 
resulting sheet Were as shoWn in Table 2 and, although the 
saturated moisture absorptive ability Was high, the detaching 

40 ratio due to running Water Was as very big as 76% whereby the 
result Was that more than one half of the moisture absorptive 
and desorptive material Was detached by Water and Water 
proof property Was insu?icient. Accordingly, the product Was 
unable to be practically used. 

TABLE 2 

Comparative 
Example 6 Example 7 Example 8 Example 4 

Saturated moisture 20° C. x 65% RH [%] 48 54 36 50 
absorptive ratio 20° C. x 90% RH [%] 90 97 83 93 
Detaching ratio due [%] 5 12 1 76 
to running Water 

part of ammonium persulfate, and mixed With stirring at room 
temperature. Said mixed solution Was used and applied by 
impregnation With substrate paper having a basis Weight of 45 
g/m2 and dried at 1200 C. to give the moisture absorptive and 
desorptive sheet of the present invention to Which the mois 
ture absorptive and desorptive component of 68 g/m2 in terms 
of a solid Was ?xed. Characteristics of said sheet are as shoWn 
in Table 2. The saturated moisture absorptive ratio Was as high 
as that of the starting moisture absorptive and desorptive 
ultra?ne particles, the detaching ratio due to running Water 
Was not so large, and the product had a practically durable 
property. 

55 
The invention claimed is: 

1. Moisture absorptive and desorptive ultra?ne particles, 
Wherein the said particles consist of a cross-linked polymer 
containing 1.0 to 10.0 meq/ g of a salt-type carboxyl group and 
0.1 to 2.0 meq/ g of the sulfonic acid group and/or salt-type 
sulfonic acid group as polar groups Where an average primary 
particle siZe is not more than 0.1 um and saturated moisture 

65 absorptive ratios at 65% RH and 90% RH at 20° C. are not less 

than 20% by Weight and not less than 40% by Weight, respec 
tively. 
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2. The moisture absorptive and desorptive ultra?ne par 
ticles according to claim 1, wherein the type of the salt of the 
carboxyl group or the type of the salt of both polar groups is 
a potassium type. 

3. Moisture absorptive and desorptive sheet, Wherein the 
moisture absorptive and desorptive ultra?ne particles accord 
ing to claim 1 are ?xed to a substrate. 

4. The moisture absorptive and desorptive sheet according 
to claim 3, Wherein the ratio of the moisture absorptive and 
desorptive ultra?ne particles in the ?xed area on the substrate 
is more than 80% by Weight. 

5. The moisture absorptive and desorptive sheet according 
to claim 3, Wherein the ?xation has been carried out by a 
reaction of a cross-linking compound. 

26 
6. The moisture absorptive and desorptive sheet according 

to claim 3, Wherein the ?xation has been carried out by a 
polymeriZation of a polymerizing compound. 

7. A moisture absorptive and desorptive element, Wherein 
the moisture absorptive and desorptive sheet according to 
claim 3 is layered. 

8. A humidifying/dehumidifying apparatus, Which has the 
moisture absorptive and desorptive element according to 

10 claim 7 as one of the constituting elements. 


